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Abstract
A methodology for creating methylammonium lead iodide perovskite solar cells at the
University of Alabama in Huntsville is presented in this thesis. Flourine-doped tin oxide (FTO)
glass was etched in house, and a layer of compact titanium dioxide (TiO2) was deposited using an
Atomic Layer Deposition (ALD) system. Three nanoparticle slurries were created and deposited
using doctor blading to form the porous films for drop casting of the methylammonium lead iodide
perovskite solution. Visual inspection determined which solvent/nanopowder combinations
yielded the most homogeneous dry films from doctor blading. X-ray Powder Diffraction (XRD)
was used to identify the crystalline structure of annealed films. Ellipsometry was used to gather
data on the compact TiO2 layer formed via ALD. A viscometer was used to obtain viscosity data
on a ZrO2 and carbon slurry. The fluid properties of these two inks were studied for compatibility
with inkjet printing. Ideally, the inks developed would replace traditional ink in a store-bought
printer, and solar cells could be printed easily and cheaply on campus.

Introduction
With increased global warming and a rise of natural disasters, the need for clean, affordable
energy production is needed now more than ever [1]. Traditional commercial silicon solar cells
average between 15-20% efficiency [2]; however, these cells require high temperatures and
vacuum manufacturing conditions [3]. Perovskite solar cells (PSC) are a new and emerging field
of photovoltaic materials, with reported efficiencies up to 25.2% [4]. One type of perovskite, 5AVA methylammonium lead iodide, has been used to create a printable mixed-cation solar cell
with 12.8% efficiency for over 1000 hours [5]. Another study reports
(5-AVA)0.034MA0.966PbI2.95(BF4)0.05 perovskite solar cells with a power conversion efficiency of
15.5% [6], [7]. Solar technology and perovskite solar cells have been a key interest to the Author
for some time, inspiring the dawning of a new research project on campus. This paper outlines the
process for fabricating mixed-cation perovskite solar cells in Dr. Yu Lei’s lab at the University of
Alabama in Huntsville (UAH).
FTO glass was etched using zinc and 2 M hydrochloric acid. A layer of compact TiO2 was
deposited via ALD. Doctor blading, which is akin to the inkjet printing process, was used to print
TiO2, ZrO2, and carbon layers. The main paper of interest for this research was printed in Science
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and used a mixed-cation lead perovskite [5]. A general schematic of the cells to be created in this
research is shown below in Figure 1.

Figure 1: Schematic of Solar Cell

Why Do We Need Solar?
A copious amount of scientific research exists which correlates the advancements of man
with a drastic increase in global warming. Peter Crutzen, a 1995 Nobel Prize winner and
atmospheric chemistry researcher from the Netherlands [8], has long dedicated his career to
studying climate change. He states the Anthropocene, which is the current epoch of the planet and
was created by humans, started in 1784 with the invention of the steam engine [1, 9]. Human
activities have changed the planet in many ways, including increasing acid precipitation, smog,
and climate warming [1]. Crutzen also states if chlorine had a similar affect as bromine, the ozone
hole would have been a much more serious problem before now [1].
As seen in a paper by W. Steffen et. al., the Earth naturally goes through a series of glacial
and interglacial periods. Right now, the planet should be at the end of its heating stage. However,
it is not. The planet is instead warming [9]. A quote is pulled from Steffen et. al. to help illustrate
this phenomenon:
“Earth System dynamics can be described, studied, and understood in terms of trajectories between
alternate states separated by thresholds that are controlled by nonlinear processes, interactions, and
feedbacks. Based on this framework, we argue that social and technological trends and decisions
occurring over the next decade or two could significantly influence the trajectory of the Earth
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System for tens to hundreds of thousands of years and potentially lead to conditions that resemble
planetary states that were last seen several millions of years ago, conditions that would be
inhospitable to current human societies and to many other contemporary species” [9].
Other research groups present findings on preindustrial climate conditions [10], differences
between the modern and ancient biospheres [11], and updates on climate change models [12].
Collectively, the census is in: humans are impacting the planet [9], and things need to change in
our lifetime in order to secure the survival of not only our species, but our world.
So, why is solar energy important? Not only is solar energy imperative to the success of
reducing greenhouse gases collecting in the atmosphere, but it would also save the economy a
great deal of money. A Science paper from 2017 reports “Fossil-fuel subsidies [are] currently $500
billion to $600 billion per annum…” [13]. Fossil fuels helped propel the world into the 21st century,
but it is time to rethink the energy grid before time runs out. The same paper, which outlines a
roadmap for reducing fossil fuels and increasing the renewable energy sector, states “Public and
private investment in research and development (R&D) for climate solutions should increase by
an order of magnitude between now and 2030,” [13]. Main Idea: research on solar technology is a
must, and this thesis takes a step towards bringing more energy research to the University of
Alabama in Huntsville.

Experimental Information
Etching FTO Glass
FTO glass (50 mm x 50 mm x 3 mm, surface resistivity ~8 Ω/□) was purchased from Sigma
Aldrich. These pieces of glass were taken to the Huntsville Glass Company, where they were each
cut into four 1 in x 1 in squares. This reduced the overall cost of the project and reduced the amount
of resources used for the experiment. Each 1 in x 1 in square created the base for a single solar
cell. Two areas were masked off on a square using etching tape, leaving a single strip exposed.
Zinc flakes were placed on the exposed region of the glass, and 2 M hydrochloric acid was pipetted
on to the top of the glass. The etching process is shown below in Figure 2. The derived chemical
reactions characterizing the etching process are in the Appendix.
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Figure 2: Images of FTO Etching Process

Atomic Layer Deposition (ALD) of Titanium Dioxide
ALD is optimal for deposition of the compact TiO2 film because it allows for precise
control of thin, uniform films free of pinholes. This improves the performance of solar cells [1415]. Pinholes create electrical shorts where the current can flow through the pinholes instead of
out the circuit terminals. This increases the shunt resistance of the solar cell, thus reducing the
overall power output [16].
The ALD system in Dr. Lei’s lab was used to deposit the compact TiO2 on top of the FTO
glass substrate. The first round of ALD produced a layer of TiO2 with a thickness of 124.12 Å
across the entire top surface of the glass substrates. This was measured by placing Si wafers in the
ALD chamber along with the FTO glass, and then using a J. A. Woollam ellipsometer to measure
the deposited TiO2 on the Si wafers. An ellipsometer works by measuring the angles of reflection
bouncing off the substrate [17], [18]. A beam of polarized light strikes the surface to be measured,
and information about the reflection and/or transmission is captured by the ellipsometer [17]. The
relation is recorded in terms of ψ and Δ:
tan(𝜓) ∗ 𝑒 !" = 𝜌 =

𝑟#
𝑟$

where ψ and Δ are parameters, ρ is the ratio of reflectivity between p-polarized light and spolarized light, rp is p-polarized light, and rs is s-polarized light [17]. In this research, the ψ and Δ
are collected by the ellipsometer and a model is used for comparison with collected data. The fit
accuracy of the mode with the data confirms the presence (or absence) of thin films. It should be
noted the ellipsometer will not collect data on opaque films. This was a challenge overcome in the
beginning stages of the research.
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Si wafers are used for the substrate because they have a relatively uniform, smooth surface
compared to glass. This makes it easier to measure the reflection angles coming off the substrate
and accurately measure film thickness. After the first trial of forming compact TiO2 using ALD
(200oC, 800 – 1100 mTorr, ~8 hours), it was discovered the compact TiO2 was only supposed to
be deposited on one half of the FTO glass substrates according to literature [5]. This created a
problem of finding a masking material which would be compatible with the ALD chamber pressure
and temperature. It was critical the masking material did not leach out contaminates into the
chamber. Some information existed supporting the use of Kapton tape in ALD chambers, but there
was insufficient evidence of Kapton tape’s inertness to ALD chamber conditions. After months of
research, it was discovered Dr. Steven George at CU Boulder had experience with ALD systems.
He was able to confirm his group has used Kapton tape during the ALD process without any issues.
Kapton Tape (1#4” and 1#2”, no liner) was purchased from Electron Microscopy Sciences. Si wafers
were again placed in the ALD chamber during the second trial of TiO2 deposition. The chamber
ran at 50 sscm, N2 flow. The TiO2 precursors were TTIP (70oC) and H2O, 800 cycles at 200oC.
The created TiO2 film thickness was determined to be 258.97 Å. Figures 3 and 4 confirm the model
fit on the angle curves for both rounds of ALD deposition, ensuring the validity of the
measurements.
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Figure 3: Ellipsometry Data from ALD of TiO2 Round 1

Figure 4: Ellipsometry Data from ALD of TiO2 Round 2
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Figure 5: Kapton Tape Schematic

Figure 6: ALD Chamber

Determining the Ideal Solute/Solvent Combination
One of the early tasks for this research was determining which solvent and powder
combination would produce the most homogeneous films. Several papers report different recipes
used for films. Some of these combinations are listed in the tables below and sorted by powder
type. Because there are many variations with these slurries, such as the type of powder, heating
process, and application method, the tables represent four variables which were used as a starting
point for determining the best slurry recipe for this experiment. Terminology used in papers is
important for determining the exact procedure the authors used. For instance, the term ‘sintering’
is different from ‘annealing’, even though both are heating processes. This has contributed to many
of the challenges faced with this project.
Table 1: TiO2 Slurry

Paper
[19]
[6]
[20]
[21]

Solvent
n/a
n/a
Terpineol
n/a

Temp (⁰C)
500 (sintering)
500 (sintering)
450 (heating)
450 (sintering)

Time (min)
30
30
30
30

Application
Screen-printing
Screen-printing
Squige printing
Screen-printing

Table 2: ZrO2 Slurry

Paper
[19]
[6]

Solvent
n/a
n/a

Temp (⁰C)
400 (sintering)
500 (sintering)

Time (min)
30
30

Application
Screen-printing
Screen-printing
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Table 3: Carbon Slurry

Paper
[19]
[6]
[21]
[22]

Solvent
n/a
n/a
n/a
Isopropanol

Temp (⁰C)
400 (sintering)
400 (sintering)
400 (sintering)
100 (heating)

Time (min)
30
30
30
60

Application
Screen-printing
Screen-printing
Printing
Printing

Notes

called ‘ink’

Doctor blading was used to deposit the films in this thesis. The area of deposition was
masked off with Scotch tape and a razor blade was used to deposit the slurry. This is the same
process used by Ryan Longchamps in his summer RCEU at the University of Alabama in
Huntsville [23-24]. Resulting films were quantified based on their visual appearance when dry.
The results for both wet and dry films are shown below. For TiO2 and ZrO2, the terpineol solvent
produced the most homogeneous thin film. The isopropanol solvent was difficult to work with
because it would evaporate before the film could be deposited. The DMF solvent produced solid
films, but they were not as smooth as the terpineol films.

TiO2
DMF
Wet

TiO2
DMF
Dry

TiO2
Isopropanol
Wet

TiO2
Isopropanol
Dry

TiO2
Terpineol
Wet

TiO2
Terpineol
Dry

ZrO2
DMF
Wet

ZrO2
DMF
Dry

ZrO2
Isopropanol
Wet

ZrO2
Isopropanol
Dry

ZrO2
Terpineol
Wet

ZrO2
Terpineol
Dry
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C
DMF
Wet

C
DMF
Dry

C
Isopropanol
Wet

C
Isopropanol
Dry

C
Terpineol
Wet

C
Terpineol
Dry

The carbon films were more difficult to deposit homogeneously. Through trial and error,
as well as intensive literature review, it was discovered the heating temperature, time, solvent type,
resin, dispersant, and powder concentration were all important factors in determining film
deposition. There was also a difference in film-substrate interaction which made it difficult to
predict whether the film would stick to the solar cell substrate. Microscope glass slides and silicon
wafers were used as substrates in the development process of the slurries, as both were readily
available in the lab. However, it was discovered when a carbon slurry would stick homogeneously
to the microscope glass or Si wafer, that would not necessarily adhere homogeneously to the solar
cell substrate. In other words, when a slurry recipe would reliably stick to the microscope glass or
Si wafer, it would not necessarily stick to the etched FTO glass or ZrO2 film. This made it
challenging to predict which recipe would result in uniform adhesion for the solar cells. It was also
discovered that there was a difference in the surface interaction between three regions of the solar
cell. The three regions are shown below in Figure 7. The solution was to create several solar cell
substrates and test each carbon slurry on the solar cells. Reducing the heating temperature for
drying the films produced the best results for getting films to stick across all three regions of the
cells. The best carbon slurry developed in this research had relatively good adhesion to the ZrO2
and FTO coating substrates but cracked significantly on the etched glass region. This is shown
below in Figure 8. Future work on this topic includes engineering a carbon slurry which reliably
sticks to all three surface chemistries of the solar cell.
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Figure 3: Solar Cell Substrate Regions

Figure 2: Flaking Carbon on Portions of Cell

XRD
X-ray Powder Diffraction (XRD) was used to 1) confirm the presence of oxide, carbon,
and crystalline films, and 2) to characterize each material.
TiO2:
Figure 9 shows the pattern (green) for virgin TiO2 powder, as purchased from Sigma Aldrich. The
other two patterns are from separate samples of TiO2 slurry Trial 7. The patterns align almost
perfectly, meaning the organic solvent was successfully evaporated and what was left behind was
a film of TiO2. Since the virgin powder is a mixture of anatase and rutile structures, and the patterns
for virgin powder and doctor bladed films align, it can be concluded the film is also a mixture of
rutile and anatase crystalline structures.

Figure 4: TiO2 XRD Pattern 1
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ZrO2:
Figure 10 shows a comparison of a dried ZrO2 film compared to the Rigaku XRD Machine
database for Baddeleyite, or ZrO2. The pattern peaks align with expected peaks, confirming the
presence of ZrO2 on the substrate.

Figure 5: ZrO2 XRD Pattern 1

Repeatability of doctor blading films was confirmed by comparing the XRD patterns for multiple
trials. This is shown in Figure 11. If the XRD patterns for multiple trials are the same, it can be
concluded the process developed consistently yields identical ZrO2 films. Since the patterns align
for the two films measured, it can be concluded the process developed for doctor blading ZrO2 in
this research is repeatable.
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Figure 6: ZrO2 XRD Pattern 2

Carbon:
Figure 12 shows a comparison of XRD patterns for created carbon films compared to stock
carbon powder purchased from Aldrich. This comparison was done because it was difficult to
correlate XRD pattern data for carbon from the Rigaku database with measured data. All patterns
align closely, meaning a film of carbon was successfully created using doctor blading and heating.

Figure 7: Carbon XRD Pattern 1
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PbI2:
Figure 13 contains the XRD pattern for the lead iodide (PbI2) purchased from Fisher Scientific.
This data provides a baseline for what the lead iodide looked like before being combined with
methylammonium iodide to form the perovskite crystal.

Figure 8: PbI2 XRD Pattern 1

Solar Cells:
The XRD pattern in Figure 14 shows a comparison of Solar Cell #5 (green) versus the deposited
slurry films before the addition of the perovskite crystal. By visual inspection, it was apparent
carbon was present in the powder. However, the XRD pattern shows only ZrO2 (red) appeared in
the solar cell XRD pattern. There is a small peak in the green pattern at approximately 27 2-theta
that may correspond with the carbon slurry (orange), however the intensity is much lower. There
are almost no peaks matching between the solar cell and TiO2 (blue) patterns, which suggests the
portion of the sample diffracting the X-rays did not contain any TiO2 crystals. Further analysis is
needed to confirm the presence of TiO2 and analyze its crystalline structure.
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Figure 9: Solar Cell #5 with TiO2, ZrO2, and C XRD Patterns

Unfortunately, due to time constraints and equipment limits, a final XRD pattern of a completed
solar cell was not collected. However, if this research is to continue, an XRD pattern of a completed
solar cell is needed for comparison with the above patterns. Hypothetically, additional peaks
corresponding to methylammonium lead iodide should appear and TiO2, ZrO2, and carbon peaks
should be present in the XRD pattern for a fully formed solar cell.

Viscometer
The printing capabilities of perovskite solar cells reported in literature [5, 21, 19] show
inkjet printing offers an inexpensive solution for fabricating perovskite solar cells. However, to
make inkjet printing production of perovskite solar cells viable for industry, it is important to
understand the fluid mechanics of solar inks. Viscosity is one of the most important parameters for
determining the quality and feasibility of printing inks [25, 26]. By recording the viscosity, as well
as shear rate and shear stress, of fluids at different rotations per minute (rpm), it is possible to
describe the behavior of inks and improve solar cell printing technology.
Novel research to describe the behavior of fluids dates back to the 1900s. The relationships
used in this research focus on those which accurately describe the relations between viscosity,
shear stress, shear rate, and temperature. The simplistic Andrade equation relates temperature and
dynamic viscosity and is reported in many literatures [27- 33]. Andrade published his results in
1930 as a simplistic relation to describe the dependence of viscosity on temperature over a large
range of temperatures [31]. The equation is:
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where μ is viscosity, T is absolute temperature, and A and B are arbitrary constants.
Newtonian fluids are perhaps some of the easiest to quantify. They demonstrate a linear relation
between shear rate and shear stress, and their viscosities are independent of shear rate, temperature,
and pressure [34-35]. Examples of Newtonian fluids include water and organic solvents [36].
Newton’s Law of Viscosity is used to model this relation [34,36,37]:

where τ is shear stress, μ is dynamic viscosity, and γ is shear rate [36].
For non-Newtonian fluids, the relation between shear rate and shear stress is exponential
and the Ostwald-de Waele equation, also known as the Power Law, is used [37-42]:

where τ is the shear stress, γ is shear rate, and K and n are arbitrary constants. With the help of
studies by Scott Blair et. al. and Reiner et. al. [38-40], the Power Law and a relation between
apparent viscosity and shear rate:

can be used to generate the K and n values. The logarithm of apparent viscosity and shear rate can
be plotted, and a linear relation developed from this plot. The slope of this linear line is equal to
n-1 and the intercept is the log (K). This approach has been reported by others [35, 37- 40, 42] and
10

was used in Model 2 of this report.
Many factors went into the prediction that the slurries tested in this research would be nonNewtonian fluids. To begin with, it is well known that printer inks are non-Newtonian [34,36-37].
The slurries are considered colloidal solutions, which fall into the category of non-Newtonian
fluids [36-37]. Colloidal solutions must have their apparent and working viscosities measured in
order to properly characterize the behavior of the fluids [34]. The working fluid is the solvent:
terpineol. The apparent viscosity is the viscosity measured for each of the slurries. For this
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experiment, data was collected on virgin terpineol as well as ZrO2 and carbon nanopowder slurries.
The slurry recipes were created similar to those reported in literature [25-26, 43-48].
A Thermo Scientific HAAKE Viscotester iQ was used for all dynamic viscosity and shear
rate measurements. Certified viscosity standard mineral oil (100%) was used for initial calibration
of the viscometer.
Two slurries were created as follows. For the ZrO2 slurry used in viscosity testing, 13.3223
[g] of ZrO2 nanopowder (Sigma Aldrich, Zirconium (IV) oxide nanopowder, <100 nm) and
10.4747 [g] of terpineol (Alfa Aesar, mixed isomers, 98%) were mixed for 20 min on high speed
using a laboratory shaker. For the carbon slurry used in viscosity testing, 2.5397 [g] of mesoporous
carbon powder (Aldrich, nanopowder, graphitized, <500 nm particle size) was combined with 2.69
g of ethyl cellulose/ethanol mixture (9 wt% ethyl cellulose), 0.2366 g Triton X-100 (Alfa Aesar),
and 18.2055 [g] terpineol. The slurry was stirred using a magnetic stir pill for 7 hours, then allowed
to rest overnight before a second round of stirring for 7 hours. Just before the slurries were loaded
into the viscometer, they were aggregated on high speed for 20 minutes.
Two models were developed; Model 1 uses nonlinear regression, and Model 2 uses linear
regression. Model 1 used a nonlinear regression to determine the coefficients of the Power Law
and generate a model for each fluid. The equation was used to predict shear stress for each of the
shear rates recorded in the experiment. The generated values were plotted against the recorded
data for comparison of model accuracy. Model 2 used the equation for apparent viscosity and a
logarithmic plot of shear rate versus viscosity to generate the K and n values of the Power Law.
Similarly to Model 1, a second set of data was generated using Model 2 and plotted against
measured data on coordinates of shear rate versus shear stress.
Categorization of Slurries:
Several different zirconium and carbon slurry trials are presented in this section of the thesis:
Table 2: Listing of slurries reported in this research
TiO2 Trial 7

Used for doctor blading

TiO2 Trial 9

Used for doctor blading

ZrO2 Trial 2

Used for XRD and doctor blading
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ZrO2 Trial 4

Used for viscosity measurements; recreation of ZrO2 Trial 2

Carbon Trial 10 #2

Used for XRD

Carbon Trial 11 #2

Used for XRD and doctor blading

Carbon Trial 13

Used for viscosity measurements; recreation of Carbon Trial 11 #2

Calibration Data:
Data provided by the manufacturer was plotted, and a model was developed using the Andrade
equation. GRG Nonlinear regression was used to determine the coefficients A and B, and the
equation developed is as follows:

The expected dynamic viscosity value was calculated using the model and a room temperature of
295 K. This value was 450 mPa*s. The recorded viscosity at room temperature was 505.075
mPa*s, which is lower than expected.

Figure 10: Calibration Data

Terpineol (virgin):
The virgin terpineol solution viscosity, shear rate, and shear stress values at various rpm were
measured. The fluid characteristics of terpineol were used for comparison with the effective
viscosities of slurries, as is necessary when working with non-Newtonian fluids [34-35, 38-42]. At
rpm values below 200, viscosity and shear stress readings from the viscometer were not steady.

20

Stable output readings were achieved around 200 rpm. The results from Model 1 and Model 2
show a linear relation between shear stress and shear rate. This is characteristic of Newtonian fluids
[34, 35, 36, 37, 41, 49]. The logarithmic plot of shear rate and viscosity for terpineol shows little
variation in viscosity with shear rate, supporting the conclusion that virgin terpineol can be
modeled as a Newtonian fluid. This also means the non-Newtonian properties of the slurries are
strongly related to the suspension of nanoparticles and other compounds in the base solvent.
Model 1:

Figure 11: Terpineol (virgin) Model 1

Figure 12: Terpineol (virgin) Log Plot
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Model 2:

Figure 13: Terpineol (virgin) Model 2

ZrO2 Slurry:
The n value for Model 1 is 0.603 and the value for Model 2 is 0.575; both of these values predict
pseudoplastic behavior, which is consistent with the overall trend of the data. The magnitude of K
increased by a factor of 3 between terpineol and ZrO2 slurry. The range of viscosities measured is
shown in Table 2. It should be noted there was fluctuation in viscometer output readings for the
majority of data collected on the ZrO2 slurry, and so an approximation was made for recorded
values.
Model 1:

Figure 14: ZrO2 Trial 4 Model 1

22

Figure 15: ZrO2 Trial 4 Log Plot

Model 2:

Figure 16: ZrO2 Trial 4 Model 2

Carbon Slurry:
Model 1 shows a shear-thinning non-Newtonian fluid with slight thixotropic behavior around 1500
rpm. Model 2 predicted similar behaviors except at higher rpm rates. This may be due to an
underlying thixotropic behavior that begins to dominate fluid characteristics [37]. It should also
be noted that Model 2 did not match the recorded data as cleanly as Model 1. For both models, the
K and n values were derived and plotted against recorded data. Both K values increased
significantly compared to the values for terpineol.
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Model 1:

Figure 17: Carbon Trial 13 Model 1

Figure 18: Carbon Trial 13 Log Plot
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Model 2:

Figure 19: Carbon Trial 13 Model 2

A final comparison of recorded viscosity to other inks is shown in Table 3. It is important to note
viscosity depends on a multitude of factors, so an explicit and direct correlation cannot be drawn
between literature data and recorded values. However, literature values can provide a range of
viscosities for which the results presented in this research should fall within. The ZrO2 slurry shows
the greatest promise for printability. The maximum viscosity recorded for ZrO2 slurry falls within
the range of the majority of viscosities reported in literature. The carbon slurry viscosity was much
greater than those reported in literature (Table 3).
Table 3: Viscosity Comparison

Paper

Viscosity [mPa*s] Independent variable(s) which viscosity was measured against

Mine (carbon)

184-246

shear rate

Mine (ZrO2)

8-15.8

shear rate

Mine (terpineol)

47.3-50

shear rate

[25]

2.11

shear rate = 100 to 1000 [1/s]

[25]

2

shear rate = 100 to 1000 [1/s]

[25]

1.35

shear rate = 100 to 1000 [1/s]

[43]

10-12

jetting temperature

[43]

30

room temperature

[44]

10-90

25 [C], polystyrene wt%

[44]

24

25 [C], different compositions of acrylate and UV agents
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[44]

3-5

25 [C], different molecular weights of PVP

[26]

0.8-6.1

different liquid or inks

[46]

7.4

25% wt Ag, 20 [C]

[46]

4-20

shear rate = 150 [1/s], 20 [C], for varying wt% Ag

[47]

10-140

surfactant concentration

Perovskite Crystal
Great difficulty arose from a lack of suitable gloveboxes on campus. The
methylammonium lead iodide perovskite needs to be created in an inert environment, as two of
the chemicals are hygroscopic [50], [51]. Some literature also describes the manufacturing of
perovskites in inert environments [52, 53]. Due to limited glovebox facilities on campus, the
methylammonium lead iodide perovskite would need to be formed in a glovebag. However,
because of the pandemic, this step was never carried out. If this work is to continue at UAH, an
additional glovebox facility should be built or purchased, as a glovebag is not the most ideal
situation for forming the perovskite solar cell.

Conclusion
A project on perovskite solar cells was successfully established in Dr. Lei’s lab at the
University of Alabama in Huntsville. FTO glass was successfully etched in lab to create the base
layer for perovskite solar cells. ALD was used to deposit a layer of compact TiO2 on one portion
of the cells. Three nanoparticle slurries were engineered for doctor blade deposition on top of the
FTO base. Terpineol proved to be the best solvent for TiO2 and ZrO2 nanoparticles. A combination
of carbon powder, terpineol, ethyl cellulose/ethanol, and Triton X-100 yielded the best results for
the carbon slurry. Further investigation into the flaking of the carbon film on portions of the solar
cell is needed. XRD patterns show the organic solvent is successfully evaporated during the
heating process of doctor bladed films, and the process is reproducible. Viscosity measurements
show pseudoplastic behavior for two slurries. Future work includes obtaining a glovebag and
creating the perovskite crystal in the solar cells.
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